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ABSTRACT 

We measure the clustering of DEEP2 galaxies at z = 1 as a function of luminosity on scales 0.1 /i _1 
Mpc to 20 h~ x Mpc. Drawing from a parent catalog of 25,000 galaxies at 0.7 < z < 1.3 in the full 
DEEP2 survey, we create volume-limited samples having upper luminosity limits between Mg = —19 
and Mg = —20.5, roughly 0.2 — 1 L* at z = 1. We find that brighter galaxies are more strongly 
clustered than fainter galaxies and that the slope of the correlation function does not depend on 
luminosity for L < L*. The brightest galaxies, with L > L* , have a steeper slope. The clustering 
scale-length, r o, varies from 3.69 ± 0.14 for the faintest sample to 4.43 ± 0.14 for the brightest sample. 

The relative bias of galaxies as a function of L/L* is steeper than the relation found locally for SDSS 
galaxies dZehavi et al.l2005 ) over the luminosity range that we sample. The absolute bias of galaxies 
at z ~ 1 is scale-dependent on scales r p < 1 h _1 Mpc, and rises most significantly on small scales for 
the brightest samples. For a concordance cosmology, the large-scale bias varies from 1.26 ± 0.04 to 
1.54 ± 0.05 as a function of luminosity and implies that DEEP2 galaxies reside in dark matter halos 
with a minimum mass of ~ 1 — 3 x 10 12 /i _1 Mq. 

Subject headings: galaxies: high-redshift — cosmology: large-scale structure of the universe 


1. INTRODUCTION 

The clustering of galaxies has long been used as a fun¬ 
damental measure of the large-scale structure of the uni¬ 
verse. Clustering measures place strong constraints on 
galaxy formation and evolution models and provide es¬ 
timates of the average or minimum parent dark mat¬ 
ter halo mass of a given galaxy populat ion, allowing 
placement i n a cosm ological context (e.g., IMo fc Whitd 
119961 iSheth fc Tormenj 1999 :-. Locally, large surveys 
such as the 2-Degree Field Galaxy Redshift Survey 
(2dFGRS) and the Sloan Digital Sky Survey (SDSS) 
have measured the two-point correlation function of 
galaxies precisely enough to allow detailed halo occu- 
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In this paper we focus on the observed cluster¬ 
ing of galaxies as a function of luminosity. Both 
2dF and SDSS have found that at z ~ 0.1 
brighter galaxies cluster more strongly, with the rel¬ 
ative bias on lar ge scales i ncreasin g li nearly with lu¬ 
minosity (e.g.. [Alimi, Valls-Gabaud 1 fc Blanchard 1988; 


Benoist et al 1996: Hamilton 1988: ONoAerg et al]l2001l 
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A simple interpretation is that brighter galax¬ 
ies reside in more massive dark matter halos, which are 
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more clustered in the standard theories of hierarchical 
structure formation. The full galaxy samples for these 
surveys are generally unbiased with respe ct to t he d ark 
matter density field on large scales ('e.g.. | Croton et alJ 
120041 IPeacock et aI1l2f)f) It IVerde et, alll2003u 

Locally, the two-point correlation function is relatively 
well-fit by a power la w, £(r)=(r/rn)~ 7 , with rn ~ 5 h~ x 
Mpc and 7 ~ 1.8 fe.g.. lNorberg et alll2002tTZeliavi et alJ 
Eol). Small deviations from a power law have recently 
been detected on scales r < 10 h~ x Mpc and can be nat¬ 
urally be explained in the HOD framework as the transi¬ 
tion between pairs of galaxies within the same halo (the 
‘one-halo’ term) on small scales and galaxies in diffe rent 
halos (the ‘two-halo’ term) on larger scales llZehavi et alJ 
im. The largest deviations are seen for the brightest 
galaxy samples, with L > L*. These galaxies are gen¬ 
erally found in groups and clusters, which have larger 
‘one-halo’ terms due to the many galaxies residing in 
a single parent dark matter halo and therefore have a 
steeper correlation slope on small scales. 

Lyman-break galaxies (LBGs) at z ~ 3 — 4 also dis¬ 
play a luminosity-dependence in their clustering proper - 
ties llAllen et all2005ULee et al.l2005llOuchi et al.l20051. 

The large-scale bias of LBGs ranges from ~ 3 — 8, de¬ 
pending on the luminosity of the sample. There is also 
a strong scale-dependence to the bias on small scales, 
where the correlation function rises sharply be low r ~ 0.5 
h- * 1 2 3 Moc llLee et al.ll2005t lOuchi et alJ 120051. This rise 
has been interpreted as evidence for multiple LBGs re¬ 
siding in single dark matter halos at z ~ 4. 

In this paper, we present results on the luminosity- 
dependent clustering of galaxies at z ~ 1, using the 
nearly-completed DEEP2 Galaxy Redshift Survey. The 
data sample used here is 10 ti mes l arger than our initial 
results presented in IGoil et all ( 2004a ) and represents the 
most robust measurements of £(r) at z > 0.7 to date. 
In future papers we will address clustering properties 
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Table 1. Details of DEEP2 Galaxy Luminosity Samples 
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(, h 3 Mpc ~ 3 ) 

M b 

range 

Median 

M b 

z 

range 

Mean 

z 

; . 1 
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1 

10530 

1.3 lO" 2 

< -19.0 

-20.28 

0.75 - 1.0 

0.87 



2 

11023 

8.4 10 -3 

< -19.5 

-20.41 

0.75 - 1.1 

0.92 



3 

9526 

4.9 10 -3 

< -20.0 

-20.64 

0.75 - 1.2 

0.98 



4 

5418 

2.5 10 -3 

< -20.5 

-20.96 

0.75 - 1.2 

0.99 


Fig. 1.— Absolute B-band magnitude (in AB magnitudes, with 
h = 1) versus redshift for the parent DEEP2 galaxy catalog. The 
magnitude and redshift ranges of the four samples used here are 
shown, and properties of each sample are given in Table 1. 


as a function of other galaxy properties such as color, 
stellar mass and redshift; here we focus solely on the 
luminosity-dependence. We choose to use integral, rather 
than differential, luminosity bins to facilitate compari¬ 
son with theoretic al models (e.g.. iKravtsov et ~aLl 120(14 
iTinker et all 120051) . Luminosity-threshold samples are 
preferred for HOD modeling, as theoretical predictions 
for HODs have been studied more extensively for mass 
(luminosity) thresholds and afford fewer pa rameters to 
fit than differential bins (for details see e.g. lZehavi et all 
[ 2005 ). In this case the HOD has a relatively simple form, 
e.g., the mean occupation function is a step function (for 
central galaxies) plus a power law (for satellites). The 
outline of the paper is as follows: §2 briefly describes 
the DEEP2 survey and data sample. In §3 we outline 
the methods used in this paper, while §4 presents our re¬ 
sults on the luminosity-dependence of galaxy clustering 
at 2 ~ 1. In §5 we discuss the galaxy bias and the rela¬ 
tive biases between our luminosity samples and conclude 


Fig. HI shows the absolute magnitude and redshift of 
each galaxy in the parent catalog and the regions from 
which the different luminosity samples were drawn. The 
three brightest samples (with limiting magnitudes down 
to Mb = —19.5) are volume-limited for blue galaxies, 
while the faintest sample is missing some fainter blue 
galaxies at z > 0.95. The samples are not entirely 
volume-limited for red galaxies^ du e to the R ar selec¬ 
tion of the DEEP2 survey fsee lWillmer et a~ (120061) for 
definitions of blue and red galaxies and a discussion of 
this selectio n effect). K-c orrecti ons are calculated as de¬ 
scribed in lWillmer et all 1 200 (1) : we do not include cor¬ 
rections for luminosity evolution. Table^lists the details 
of each luminosity sample. To convert measured redshifts 
to comoving distances along the line of sight we assume 
a flat ACDM cosmology with fl m = 0.3 and Ha = 0.7. 
We define h = H o /(100 km s -1 Mpc -1 ) and quote cor¬ 
relation lengths, ro, in comoving /i -1 Mpc. All absolute 
magnitudes are AB with h = 1. 

3. METHODS 

Details of the met hods used to measure the correlation 
function are given in lCoil et all (l2004al 12006): we repeat 
the most relevant details here. The two-point correla¬ 
tion function £(r) is defined as a measure of the excess 
probability above Poisson of finding an object in a vol¬ 
ume element dV at a separation r from another randomly 
chosen object, 


dP = n[ 1 + £(r)]dV, 


(1) 


in §6. 


2. DATA SAMPLE 

The parent galaxy sample used here is from the DEEP2 
Galaxy Redshift Survey, a three-yea r project using the 
DEIMOS spectrograph ((Faber et al1120031 ) on the 10-rn 
Keck II telescope to survey optical galaxies at z ~ 1 in 
a comoving volume of approximately 5xl0 6 h~ 3 Mpc 3 . 
Using ~ 1 hour exposure times, the survey has mea¬ 
sured redshifts for ~ 30, 000 galaxies in the redshift range 
0.7 ~ z ~ 1 . 45 to a limiting magnit ude of Rab = 24.1 
llDavis et al. 1 120031 iFaberetalJ 12006). The survey cov¬ 
ers three square degrees of the sky over four widely 
separated fields to limit the impact of cosmic variance. 
Fields consist of two to four adjacent pointings of size 
0.5 x 0.67 degrees each. Details of the DEEP2 obser¬ 
vations, catalog construction and data reduction can be 
found in Davis et al. (2003), Coil et al. (2004b), Davis, 
Gerke, & Newman (2004), and Faber et al. (2006). 
Here we use the full sample from ten pointings in all 
four fields to create four nearly volume-limited samples 
as a function of Johnson B absolute magnitude (Mb)- 


where n is the mean n umber density of the object in 
question t Peebled 1 9801 ). 

We measure t he t wo-p oint correlation function using 
the lLandv fc Szalavl (1 993 ) estimator, 


^ RR 


n D 


DD[—\ - 2 DR ( — 


n D 


RR 


( 2 ) 


where DD, DR , and RR are pair counts of galaxies in 
the data-data, data-random, and random-random cata¬ 
logs, and riD and hr are the mean number densities of 
galaxies in the data and random catalogs. The random 
catalog has the same overall sky coverage and redshift 
distribution as the data and serves as an unclustered 
sample with which to compare the data. The spatial 
window function of the DEEP2 survey is applied to the 
random catalog, which includes masking areas around 
bright stars and taking into account the varying redshift 
completeness of our observed slitmasks. 

Distortions in £ are introduced parallel to the line of 
sight due to peculiar velocities of galaxies. In order to un¬ 
cover the real-space clustering properties, we measure £ 
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in two dimensions, as a function of distance both perpen¬ 
dicular to (r p ) and along (w) the line of sight. As redshift- 
space distortions affect only the line-of-sight component 
of £, integrating over the 7 r direction leads to the pro¬ 
jected correlation function w p (r p ), whic h is independent 
of red shift-space distortions. Following iDa vis V Peeblel 

cm, 


w P (r P )= 2 / dn £(r p ,ir) = 2 / dy £(r£ + y 2 ) 1/2 , 

Jo Jo 

( 3 ) 

where y is the real-space separation along the line of 
sight. We sum £(r p , n) to a maximum separation of 
7 r = 20 ft " 1 Mpc and measure w p (r p ) as a function of 
scale for 0.1 < r p < 20 ft " 1 Mpc. Errors on w p (r p ) are 
calculated using the standard error across the 10 sepa¬ 
rate data pointings. We estimate the integral constraint 
numerically using the random catalog (see e.g., Eqn. 8 
of Roche and Eales 1999) and find it to be ~0.1 and 
therefore negligible. 

If £(r) is modeled as a power-law, £(r) = (r/ro)" 7 , 
then ro and 7 can be readily extracted from the projected 
correlation function, w p (r p ), using an analytic solution to 
Equation |21 


w p (r p ) = r p 


/r 0 y r(i)r(V) 

UJ r(i) 


( 4 ) 


where T is the gamma function. A power-law fit to w p (r p ) 
will then recover ro and 7 for the real-space correlation 
function, £(r). We correct for the covariance between r p 
bins when calculating the errors on ro and 7 . 

To correct for undersampling of galaxies on small scales 
due to our slitmask target selection algorith m we us e 
the mock galaxy catalogs of lYan. White, fc Coill : 200 1 i. 
We create samples with identical redshift and luminos¬ 
ity ranges as each data sample and measure the ratio of 
the projected correlation function in the mock catalogs 
for catalogs with and without the slitmask target selec¬ 
tion algorithm applied. We then multiply the measured 
w p {r p ) in the data by this ratio, which is a smooth func¬ 
tion of both scale and luminosity. We note that using 
mock catalogs with diff erent H OD parameters does not 
change our results (iCoil et aDllQQ6j). Both the observed 
and corrected data are shown in this paper. 


4. CLUSTERING AS A FUNCTION OF LUMINOSITY 

Fig. 0 shows the measured projected correlation func¬ 
tion for each luminosity sample as a function of scale, 
for r p = 0.1 — 20 ft " 1 Mpc. The left panel shows the 
observed w p (r p ), while the right panel shows w p (r p ) af¬ 
ter correcting for slitmask target selection effects. The 
corrections are larger for the brighter samples and are 
most significant on scales less than r p = 0.3 ft " 1 Mpc. 
Errors are calculated using the standard error across the 
ten individual DEEP2 pointings. Amplitudes and errors 
for w p (r p ) are given for each of the luminosity samples 
at four different scales in Table Q 

Power-law fits to the corrected w p (r p ) are performed 
for a range of scales: the full range shown here ( 0.1 < 
r p < 20 h -1 Mpc), smaller scales (0.1 < r p < 1 ft " 1 
Mpc), and larger scales (1 < r p < 20 ft " 1 Mpc). Values 
of ro and 7 are given in Table 2 for each r p range and 
results for the full range are shown in Fig. |3| Errors 


on ro and 7 are estimated using jacknife errors across 
the ten samples; this approach includes the covariance 
between adjacent r p bins and results in errors which are 
2-3 times higher than the formal 1 — <7 statistical errors 
of the least-squares fit to the data, assuming the r p bins 
are independent. Fitting for a power law on larger scales, 
1 < r p < 20 h~ l Mpc, results in ro and 7 values within 
the quoted l-cr errors for the full range, as shown in Table 
2, and fits to the observed data without corrections for 
slitmask effects result in 2% lower values of ro and 7 for 
the full range for all samples except the brightest, where 
the difference is 3% in both ro and 7. 

We show in Fig. Q] deviations from the best-fit power 
law over all scales for each luminosity sample. A power 
law fits the data reasonably well on scales r p > 1 ft” 1 
Mpc, but all samples depart from power-law behavior at 
small scales ( r p < 0.4 ft” 1 Mpc). These deviations can 
be explained naturally by a halo occupation approach to 
modeling the observed clustering; we will present HOD 
fits to these data in a separate paper. 

The clustering scale length, ro, is significantly larger 
for the brighter samples; ro increases from 3.69 ± 0.14 
to 4.43 ± 0.14 over the luminosity ranges shown here. 
The slope is ~ 1.73 ± 0.03 for each of the three samples 
with L < L* and increases to 7 = 1.82 ± 0.03 for the 
brightest L > L* sample (at z = 1, M* = —20.7 in our 
magnitude units; cf. Willmer et al. 2006). This increase 
in 7 is found on both small ( r p < 1 ft " 1 Mpc) and large 
(r p > 1 h -1 Mpc) scales. We note that the ratio of 
red to blue galaxies is not widely different between the 
samples: 76% of the galaxies are blue in the faintest 
sample whil e 67% are blue in the brightest sample (see 
Fig. 4 of 1 Willmer et alJ (I2006D for a color-magnitude 
diagram of DEEP 2 galax ies). _ 

As shown in Fig. 6 of iConrov. Wechsler. fc Kravtsovl 
( 2006 ). the clustering results presented here are well-fit 
by a simple model in which luminosities are assigned to 
dark matter halos and sub-halos in an N-body simulation 
by mat ch ing the ob served DEEP2 luminosity function 
llWillmer et al.l2006l) to the sub-halo/halo circular veloc¬ 
ity function (as a proxy for mass), with no free parame¬ 
ters. Every sub-halo with mass M > 1.6 x 10 10 h~ 1 M Q 
(the resolution limit of the halo catalog) is assumed to 
have a galaxy at the center; therefore the radial distri¬ 
bution of galaxies matches that of the sub-halos. This 
relatively simple model correctly reproduces our cluster¬ 
ing measurements as a function of luminosity and scale 
presented here, on scales r p = 0.1 — 10 ft" 1 Mpc, and im¬ 
plies that brighter galaxies reside in more massive dark 
matter halos. 

5. GALAXY BIAS 

We now calculate the relative bias of each luminos¬ 
ity sample with respect to the Mb < — 20.0 sample, 
which has a median luminosity nea r L* ( M * = —20.7 
at z = 0.9; see l Willmer et alJ ( 2006 )). The relative bias 
is defined as the square root of the ratio of w p (r p ) for a 
given sample divided by w p (r p ) for the Mb < — 20.0 sam¬ 
ple. We calculate the relative bias at two scales, r p = 0.1 
ft " 1 Mpc and r p = 2.7 ft " 1 Mpc, using the power-law fits 
given in Table 2 for small and large scales. Fig. 0 plots 
the relative bias as a function of median absolute mag¬ 
nitude (bottom axis) and L/L* (top axis) at r p = 0.1 
ft " 1 Mpc (left) and r p = 2.7 ft " 1 Mpc (right). There 
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Fig. 2- 


r o (h - 1 Mpc) 

Projected two-point correlation function, w p (r p ), of DEEP2 galaxies for different luminosity samples. The observed w p (r p ) is 


shown in the left panel, while on the right we have corrected for the slit mask target selection effects using mock catalogs. Fiducial lines at 
r p — 1 h ~ 1 Mpc and w p (r p )= 100 have been drawn to guide the eye. 




Mb Mb 


Fig. 3.— The clustering scale-length, ro (left), and slope, 7 
(right), of DEEP2 galaxies as a function of the median absolute 
magnitude of each sample. The values of ro and 7 for each sample 
are given in Table 2. 


Table 2. Projected Correlation Function Amplitudes for Luminosity 
Samples 



r p = 0.15 

w p at r p in h 1 Mpc 
r p = 1.0 r p = 4.7 

r p = 10.3 

1 

171 ±18 

41.7 ±2.5 

12.9 ±1.2 

6.2 ±1.3 

2 

242 ± 29 

44.8 ± 3.3 

14.2 ± 1.2 

6.8 ±1.3 

3 

285 ± 27 

48.3 ±4.2 

15.9 ±0.9 

7.0 ±1.1 

4 

387 ± 44 

56.7 ±3.1 

16.1 ± 1.5 

7.9 ± 1.2 


Note. — These values have all been corrected for slitmask target 
selection effects. 


is a linear trend of bias with luminosity on both small 
and large scales, though the trend is stronger on smaller 
scales. 

In the right panel, we also show for comparison the 
bi as of S PSS ga laxies as a function of L/L* measured 
bv lZehavi et all (I2005D on the same scale, r p = 2.7 h 1 
Mpc. The bias of galaxies is a stronger function of L/L* 
at z ~ 1 compared to z ~ 0 over the luminosity range 



r p (h _1 Mpc) 


Fig. 4.— Deviations of w p (r p ) from the best-lit power law for 
each luminosity sample as a function of scale, using the values of 
ro and 7 listed in Table 2. A thin dotted line is drawn for reference 
at y = 1 . 


that we sample here. 

We further calculate the absolute bias of each sam¬ 
ple, using the ratio of the observed galaxy clustering 
to the clustering expected for the underlying dark mat¬ 
ter density field. To estimate the dark matter correla¬ 
tion function, we use the pow er spectru m p rovide d by 
the publicly available code of iSmith et all LiOO T). for 
a cosmology with f2™ = 0.3, = 0.7, = 0.9, and 

T = 0.21. ISmith et al.l ( 2003 ) analyze the non-linear evo¬ 
lution of clustering in a large library of N-body cosmo¬ 
logical simulations, including small scales where merg¬ 
ing of dark matter halos is important. They use an an- 
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L/L* 


0.67 0.80 0.96 1.16 1.39 0.67 0.80 0.96 1.16 1.39 



Fig. 5.- The mean relative bias of each of our samples compared 
to the Mb < —20.0 sample. The relative bias increases linearly 
with luminosity, though the trend is stronger on smaller scales 
(left) than larger scales (right). T he dotted line in the right panel 
shows the same relation from IZehavi et all J2005D in SDSS galaxies 
at 2 ~ 0.1 as a function of L/L*, shown in the upper axis. 


alytic halo-model approach to fit the non-linear struc- 
ture evolution, wh i ch is more accurate than the popular 
iPeacock fc Doddsl (I1994T) prescription; we include a 5% 
error on the dark matter w p (r p ) in our calculation of the 
absolute bias to reflect the uncertainty in the fit. We do 
not include an additional uncertainty in the cosmologi¬ 
cal parameters; for cr 8 = 0.8 the large-scale bias is 13% 
higher, while for cr 8 = 1.0 it is 10% lower. The results 
are shown in Fig. El While there is no significant scale- 
dependence to the bias on scales r p > 1 h -1 Mpc, all four 
samples show a dip in the bias on scales r p ~ 0.3 — 0.8 
h,- 1 Mpc and a rise on small scales below r p ~ 0.1 h _1 
Mpc. On scales of r p = 1 — 10 h~ x Mpc, the mean abso¬ 
lute bias ranges from b = 1.26 ± 0.04 for the Mb < —19 
sample to b = 1.54 ± 0.05 for the Mb < —20.5 sample; 
values are listed in Table 2. On the smallest scales we 
measure here, r p = 0.1 h~ x Mpc, the bias ranges from 
b = 1.2 ± 0.1 for the Mb < —19 sample to b = 1.9 ± 0.2 
for the Mb < —20.5 sample. 

We note tha t the absol u te bias es measured here are 
larger than in lOoil -et_alJ (l2004af) (though within lcr, 
given the error on that result), where we measured the 
clustering of all DEEP 2 galaxies in the first completed 
pointing. This is simply due to cosmic variance: galaxies 
in that pointing exhibit lower clustering than the mean 
of the completed DEEP2 survey; that region happened 
to be less clustered than average. 

From these large-scale bias measurements we can es¬ 
timate the minimum dark matter halo mass that each 
galaxy sample resides in, on average, where the mass 
is defined as the mass enclosed in a region that is 
200 times the cr i tical density. Using the formulae of 
iSheth fc Tormenl (^999) for fl m — 0.3, Da = 0.7, and 
er 8 = 0.9, we find that the minimum dark matter mass 
for our samples ranges from ~ 9 x 10 11 — 3 x 10 12 /i _1 Mq 
(values are listed in Table 2). 

We compare our resu lts with those of the V imos-VLT 
Deep Survey (VVDS). iMarinoni et alJ J2005f) measure 
the luminosity-dependence of the galaxy bias averaged on 
scales 5-10 h~ l Mpc using a sample 1044 VVDS galaxies 
in an area of 0.16 square degrees between 0.7 < z < 0.9. 
They find that the bias is 1.02 ± 0.20 and 1.14 ± 0.21 for 
luminosity thresholds of Mb < —18.7 and Mb < —20, 
where the quoted errors include the statistical error only 



ACDM cosmology as a function of scale for each of our luminosity 
samples. The bia s is derived using th e ratio of the observed galaxy 
clustering to the ISmith et alJ <20031) fitting function for the clus¬ 
tering of dark matter halos at the same redshifts. There is a clear 
scale-dependence to the bias for r p < 1 h ~ 1 Mpc. The bias on 
scales r p > 1 h ~ 1 Mpc increases with luminosity and is relatively 
scale-independent. 


and do not include the dominant error due to cosmic 
variance. Their bias values are lower than those shown 
here but are likely within the errors if cosmic variance 
is included. Additionally, a more recent VVDS paper 
on the lumino sity-dependence o f galaxy clustering at 
0.5 < z < 1.2 ([Polio et al.ll2006D yields correlation am¬ 
plitudes and slopes that are similar to ours, but with a 
steeper trend in b/b*] they find lower ro values for the 
fainter samples (ro = 2.95 ± 0.34 for Mb < —19) and 
higher ro values for the brighter samples (ro = 5.01 ± 1.5 
for Mb < — 21 ) and a stronger change in correlation slope 
7 with luminosity than is found here. However, given the 
cosmic variance errors in the results, which use a sample 
of ~3300 galaxies with Mb < —19 covering an area of 
0.49 square degrees, the differences are not significant. 

6 . CONCLUSIONS 

Using volume-limited subsamples of the 25,000 galax¬ 
ies with spectroscopic redshifts between 0.7 < 2 < 1.4 
from the nearly-completed DEEP2 Galaxy Redshift Sur¬ 
vey, we have measured the clustering of galaxies as a 
function of luminosity at z ~ 1. We find that the clus¬ 
tering scale length, ro, increases linearly with luminosity 
over the range sampled here and that the bias of clus¬ 
tering relative to L* is strong to what is found at z ~ 0. 
The brightest DEEP2 sample, with L > L *, has a sig¬ 
nificantly steeper correlation slope (7 = 1.82 ± 0.03) on 
all scales than the fainter luminosity samples, which all 
have similar slopes of 7 ~ 1.73. This is not due to dif¬ 
ferences in the mix of galaxies in each sample; the red 
galaxy fraction depends only weakly on luminosity in the 
D EEP2 data. _ 

iConrov. Wechsler. fc Kravtsov! (. 2006 ) attempt to 
model the clustering results presented here with a simple 
prescription in which luminosities are assigned to dark 
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Table 3. Clustering Results for Luminosity Samples 



r 0 a 

h- 1 Mpc 

7 

r 0 b 

h -1 Mpc 

7 

r 0 c 

h- 1 Mpc 

7 

b d 

/l —X M© 

1 

3.69 ±0.14 

1.71 ± 0.03 

3.78 ±0.23 

1.68 ±0.04 

3.76 ±0.09 

1.76 ±0.05 

1.26 ±0.04 

9.0 10 11 

2 

3.93 ± 0.10 

1.73 ± 0.03 

3.73 ± 0.19 

1.80 ±0.05 

3.97 ±0.10 

1.74 ±0.06 

1.36 ±0.04 

1.4 10 12 

3 

4.18 ±0.08 

1.74 ±0.03 

3.67 ±0.11 

1.93 ±0.06 

4.25 ±0.12 

1.76 ±0.07 

1.48 ±0.04 

2.2 10 12 

4 

4.43 ± 0.14 

1.82 ± 0.03 

4.21 ± 0.22 

1.90 ±0.09 

4.47 ±0.11 

1.84 ±0.05 

1.54 ±0.05 

2.8 10 12 


a for scales r p = 0.1 — 20 /i -1 Mpc 
b for scales r v = 0.1 — 1 /i -1 Mpc 
c for scales r p = 1 — 20 h _1 Mpc 
d large-scale bias (r p = 1 — 10 h -1 Mpc) 


matter halos and sub-halos in an N-body simulation by 
matching the observed DEEP2 luminosity function to 
the sub-halo/halo maximum circular velocity, used as a 
proxy for mass. Their model fits our data extremely well, 
implying that brighter galaxies reside in more massive 
dark matter halos and that the luminosity-dependent 
clustering is dominated by the physical distribution of 
halos on large scales and sub-halos on small scales, as a 
function of mass. It is remarkable that the results pre¬ 
sented in this paper can be explained using a model in 
which the luminosity of a galaxy depends solely on the 
mass of the dark matter halo in which it resides. 

The mean galaxy bias in the DEEP2 data on scales 
r p = 1 —10 /i _1 Mpc for a concordance cosmology ranges 
from 1.26 ± 0.04 to 1.54 ± 0.05 as a function of luminos¬ 
ity for L/L* = 0.7 — 1.3, and there is a scale-dependence 
to the bias for r p < 1 h~ x Mpc. The brightest sam¬ 
ples show the strongest rise in the correlation function 
on small scales, which is likely due to these galaxies pref¬ 
erentially residing in groups. This upturn on small scales 
has also been seen bot h locally for SDSS galaxies with 
L > L* llZehavi et al.l 2005[)_and at hi gh redshift fo r LBG 
galaxies at z ~ 3 — 4 Lee et al.ll2005l IQuchi et, al.ll2005l) . 
The strength of the rise in the DEEP 2 sample is smaller 
than w hat is found at z ~ 3 — 4, as expected from simu¬ 
lations llKravtsov et al]l2004fl . and the large-scale bias is 
intermediate between the bias of LBGs and local galaxies 
of similar L/L* in 2dF and SDSS. 
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